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THE PRODUCTION OF AMMONIA AND CARBON 
DIOXIDE BY STREPTOCOCCI 

S. Henry Ayers; Philip Rupp, and Courtland S. Mudge 

From the Research Laboratories of the Dairy Division, U. S. Department of Agriculture, 

Washington, D. C, 

The physiology of the streptococci has been extensively studied, 
largely, however, in relation to the fermentation of carbohydrates and 
related substances. As a result of such work, many attempts to classify 
the streptococci have been made. Some investigators based their 
classifications entirely on fermentation tests, while others relied on 
the action of the streptococci on blood corpuscles, and for this purpose 
blood-agar plates have been found valuable. 

It seems to us that neither the fermentations alone nor the reac- 
tions on blood corpuscles can give sufficient data to enable one to 
classify the streptococci with any degree of accuracy. Probably the 
best means of classifying at present is on the basis of both the fermenta- 
tions and the blood reactions. 

In recent years numerous attempts have been made to separate the 
streptococci by means of agglutination and the complement-fixation 
tests. With the latter test results have been obtained which give 
promise of being valuable, as they may point to the homogeneity of 
certain groups. While immunologic reactions offer an attractive field 
for study of streptococci, more intensive work along the line of the 
physiology of these organisms may also give valuable results. If we 
are to be satisfied to limit our physiologic studies to the determination 
of titratable acidity in various carbohydrates, alcohols, and glucosides, 
perhaps one may say that further studies along this line will be fruit- 
less. Certainly the literature shows that this field has been thoroughly 
cultivated, and the knowledge secured has undeniably paid for the 
work. But many old fields yield new and valuable products by improved 
methods of cultivation; so with the streptococci. The discarding of 
titration methods for acidity and the substitution of the determination 
of the hydrogen-ion concentration has brought out new and apparently 
fundamental differences. 

The difference in the final hydrogen-ion concentration between 
streptococci as pointed out by one of us, Ayers l is an example of the 

Received for publication May 9, 1921. 
1 Jour. Bacteriol., 1916. I, p. 84. 
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advantage of improved methods which often make small differences 
significant. Whether the final hydrogen-ion concentration in a fer- 
mentation represents the limiting P H for the organism and causes its 
growth to cease or whether something else arrests growth and the final. 
Ph is merely incidental, under definite conditions and with the proper 
medium these differences are constant. The final Ph of cultures can 
be varied, and this fact may present opportunities which have been over- 
looked by the investigators who apparently see nothing in the hydrogen- 
ion measurement. Although there is no explanation for this difference 
in Ph at present, it does not prevent the use of this difference in helping 
separate the streptococci. The. value of the difference in final tiydrogen- 
ion concentration has been shown by Avery and Cullen, 2 who found 
small but constant differences between hemolytic streptococci from 
human and bovine sources. It is, perhaps, to such small differences in 
the physiology of the streptococci that we must look as a means of 
recognizing different varieties more accurately. 

Ammonia production as a measure of proteolysis has been used 
frequently in studying bacteria. Generally, however, it is the degree 
of proteolysis which has been used in classification and ordinarily 
proteolytic organisms are classed on the basis of the visible liquefaction 
of gelatin or the digestion of casein or fibrin. There is no reason to 
suppose, however, that bacteria which show no visible signs of the 
degradation of proteins may not form definite and characteristic 
amounts of ammonia under controlled conditions. 

Proteolysis by the streptococci has been observed by Jensen, 3 Bar- 
thel, 4 Itano 5 and Tisser, 6 while ammonia production, in small amounts, 
has been noted by Kendall 7 and his associates. Numerous investigators 
have observed alkaline reactions in fermentation tests, yet little atten- 
tion has been given to this subject. 

It was observed by Evans 8 that certain types of streptococci in a 
carbohydrate-free yeast-peptone medium changed the Ph from 60 to 
about 6.8, and it was believed that this indicated a vigorous proteolysis. 
In this connection it must be pointed out, however, that it is unsafe to 
assume that the alkaline change in reaction is due to proteolysis for, 

2 Jour. Exper. Med., 1919, 29, p. 215. 

3 Landw.Jahrb. Schweiz., 1904, 18, p. 319. 
* Centralbl. f. Bacterid., II, 1915, p. 76. 

6 Bull. Mass. Agr. Exp. Station, 1916, No. 167. 

6 Compt. rend. Soc. Biol., 1920, 83, p. 110 and p. 127. 

' Jour. Biol. Chem., 1912, p. 215 and p. 219. 

8 Jour. Agric. Research, 1918, 13, p. 235. 
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as has been shown by Ayers, Rupp and Johnson, 9 there may be a 
fermentation of the salts of organic acids which results in the produc- 
tion of alkaline carbonates. It is difficult to prepare a medium in which 
streptococci will grow which does not contain organic-acid salts. Gen- 
erally speaking, it is unsafe to make definite assumptions from the 
alkaline change in reaction, and as the detection of ammonia is a simple 
matter, as will be shown later, such determinations should be made. 

Besides ammonia production, we wish to call attention to the fact 
that carbon-dioxide production by the streptococci has been largely 
overlooked. Freudenreich 10 was apparently the first to describe strep- 
tococci which produced this gas and Jensen X1 also reports the presence 
of gas-forming streptococci in his collection of cultures. Evans 8 found 
similar types in cheese. We venture to say that the production of 
carbon dioxide by the streptococci has been overlooked, largely because 
of the methods by which the gas is usually determined in bacteriologic 
work. 

In this paper we shall discuss ammonia and carbon dioxide produc- 
tion by the streptococci and will show that although in some cases the 
amount is small, it is quite constant. The use of the presence or absence 
of these products in cultures as a means for separating streptococci 
will also be pointed out. 

ammonia and carbon-dioxide production from peptone 
While studying the growth of streptococci in 4% peptone solutions, 
it was thought worth while to make determinations of the ammonia 
formed. For this work 2 cultures were selected, one. representing a 
typical udder type and the other a fecal type from cow feces. In order 
to obtain a heavy growth 0.2% dextrose was added to the 4% bacto- 
peptone solution and also 0.5% potassium dibasic phosphate to provide 
sufficient buffer. The reaction was adjusted to Ph 7.5. Ammonia 
determinations by Folin's method, after 7 days' incubation at 37 C, 
showed that the udder culture produced a small amount of ammonia 
while the fecal culture showed only a trace. The experiment was 
repeated, and the same results obtained. Other cultures were 
examined, and the results indicated that small but quite constant 
amounts of ammonia were produced by certain streptococci and not 
by others. 

9 U. S. Dept. of Agric, 1919, Bull. No. 782. 
"> Cenralbl. f. Bakteriol., 1897, II, 3, p. 47. 
11 Lactic Acid Bacteria, 1919. 
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Some of the medium used for ammonia production was also placed 
in Eldredge tubes which were inoculated with the udder and fecal 
types of streptococci, and determinations were made of the amounts 
of carbon dioxide produced. The Eldredge tube described by Eldredge 
and Rogers 12 consists of two inverted "T" tubes placed side by side 
and connected by a third tube. The culture medium is placed on one 
side and cotton plugs placed in the ends of the inverted "T" tubes. 
At the time of inoculation a definite amount of N/10 barium hydroxide 
is placed in the other side of the fermentation tube, and the two open 
ends are plugged with rubber stoppers which are placed over the 
cotton plugs. The carbon dioxide formed and released from the medium 
is measured by the amount of N/10 barium hydrate neutralized by 
the carbon dioxide as shown by titration with N/10 oxalic acid. Since 
1 c c of N/10 Ba (OH) 2 is equivalent to 1.261 c c of CO 2 at 25 C. and 
760 mm. pressure, it is a simple matter to calculate the amount of 
C0 2 produced. 

Preliminary experiments showed that cultures which produced 
ammonia also produced carbon dioxide and those giving no ammonia 
showed no carbon dioxide. These results indicated that there might 
be a correlation between NH 3 and C0 2 production. 

Although the amounts of ammonia and carbon dioxide produced 
were small, the results were so constant that similar determinations 
were made in the following medium in order to ascertain whether the 
same results could be obtained. The medium consisted of infusion 
broth with 4% bacto-peptone, the reaction being adjusted to Ph 7.5. 
It was found that the amounts of ammonia and carbon dioxide formed 
agreed closely with those obtained in the peptone-dextrose medium. 
In general, however, the infusion-peptone medium gave more constant 
amounts of C0 2 than did the peptone-dextrose medium. 

The results obtained from these experiments led to a study of the 
conditions under which ammonia and carbon dioxide were produced. 
As the preliminary experiments indicated that C0 2 did not come from 
the dextrose it seemed possible that it might come from the peptone. 
If this were true, then increasing the peptone in the medium would 
increase the amount of C0 2 produced, and further, as C0 2 production 
seemed to correlate with NH 3 formation, it seemed probable that the 
ammonia might also be increased. 

From the results in table 1, it is evident that such was the case. 
Infusion broth containing amounts of bacto-peptone ranging from 1 to 

>s Centralbl. £. BakterioK, 1914, II, 40, p. 5. 
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10% was used. The reaction of the medium was adjusted to Ph 7.2. 
Two cultures were studied, 16 H-l being a streptococcus from the udder 
of the cow and F 2-7 representing a typical fecal type from cow feces. 
The cultures were incubated for 7 days at 37 C, and the amounts of 
NH 3 and C0 2 produced were then determined. It will be noted that 
as the peptone was increased there was a constant increase in ammonia 
from culture 16 H-l, and there was a similar increase in the amount 
of carbon dioxide. However, the fecal type of streptococcus, culture 
F 2-7, showed little increase in NH 3 with the increase in peptone and 
no increase in C0 2 . These results indicated that the ammonia and 
carbon dioxide came from the peptone and were quite closely correlated. 
It is obvious from table 1 that 4% bacto-peptone is sufficient to show 
distinct differences between the two cultures in their ability to form 
ammonia and carbon dioxide. The udder culture 16 H-l showed 
19.47 mg. of ammonia-nitrogen per 100 c c in excess of the control, 
while the fecal culture F 2-7 showed only a trace. There were 5.3 
c c of C0 2 produced by 16 H-l and 0.3 c c by F 2-7. The la.tter amount 
is within the limits of error of the method and may be considered 
negative. It should be understood that throughout this paper the 
amount of C0 2 is expressed as cubic centimeters of gas from 1 5 c c 
of medium. 

TABLE 1 

Effect of Peptone on Ammonia and Carbon-Dioxide Production 





NHa-N. Mg. per 100 C c; 


COs. C c of Gas from 15 c of 


Bacto-peptone, 


Excess oyer Control 


Medium; Excess over Control 


Percentage 












Culture 16 H-l 


Culture F 2-7 


Culture 16 H-l 


Culture F 2-7 




Mg. 


Mg. 


Cc 


Cc 


1 


8.12 


0.28 


2.0 


0.2 


4 


19.47 


0.28 


5.3 


0.3 


6 


34.46 


1.82 


7.1 


0.5 


8 


43.86 


2.80 


8.4 


0.3 


10 


51.00 


2.66 


10.5 


0.2 



The incubation period used in the experiments was 7 days, but to 
reach the maximum ammonia production this length of time was not 
necessary. This is evident from table 2 in which it will be seen that 
the ammonia reached its maximum in 24 hours. There was, how- 
ever, an increase in CO., up to the seventh day, but after 24 hours' 
incubation sufficient C0 2 was found to give a positive test for evidence 
of its production by the culture. 

Since the ammonia and carbon-dioxide production under discussion 
was dependent on the peptone content of the medium, it was necessary 
to know whether or not different makes of peptone would give similar 
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results. Ammonia productions from 4 makes of peptone were com- 
pared, infusion broth being used as a basis for the medium. The 
reaction of each medium was adjusted to Ph 7.5. Both 1 and 4% 
peptone were used and inoculated with cultures 16 H-l and F 2-7 
and incubated 7 days at 30 C. It will be remembered that 16 H-l 





TABLE 2 






Rate of Ammonia and Carbon-Dioxide 


Production from Peptone 




NHa-N 




C0 2 


Days 


Mg. per 100 C c; 




C c Gas from 15 C c of Medium; 




Excess over Control 




Excess over Control 




Mg. 




Mg. 


1 


22.41 




2.S 


2 


22.27 




4.3 


3 


21.57 




4.3 


4 


22.27 




5.0 


5 


21.15 




4.8 


6 


21.71 




5.0 


7 


21.85 




5.3 



produced ammonia in 4% bacto-peptone-infusion broth while F 2-7 
did not. The results in table 3 are of considerable interest since they 
show that ammonia was derived from some ingredient that probably 
was not present in the same amount in all makes of peptone. For 
example, culture 16 H-l showed 23.67 mg. of ammonia-nitrogen per 
100 cc of medium when bacto-peptone was used, 11.91 mg. with 
Parke-Davis' peptone, 6.30 mg. from Fairchild's peptone and only 3.92 
mg. per 100 cc with Merck's peptone ("made from albumin"). These 

TABLE 3 
Ammonia Production from Different Peptones 





Culture 16 H-l 


Culture P 2-7 


Infusion Broth with 
Different Peptones 


NHs-N, Mg. per 100 C c; 
Excess over Control 


NHa-N, Mg. per 100 C c; 
Excess over Control 




1% Peptone 


4% Peptone • 


1% Peptone 


4% Peptone 




8.54 
4.34 
3.64 
2.10 


23.67 

11.91 

6.30 

3.92 


0.14 
0.28 
0.28 
0.56 


0.56 




1.26 




0.14 




2.80 



figures represent the amount of ammonia-nitrogen in excess of the 
control. Culture F 2-7 showed practically no ammonia with any of 
the peptones. It is at once evident that whatever is the ingredient of 
peptone which yields the ammonia, it is not present to the same extent 
in all peptones and it is necessary, therefore, that the test always be 
run with a peptone which is known to contain the necessary substance. 
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It must be remembered that ammonia production by streptococci is 
small but quite constant in amount; therefore the peptone must be 
used which gives the largest quantity. Several lots of bacto-peptone 
were examined to see whether variable results would be obtained. 
While there was some variation in the quantity of ammonia and carbon 
dioxide formed, the differences were of a minor nature. The sub- 
stance in peptone from which the ammonia and carbon dioxide are 
derived is apparently not present in the controllable ingredient which 
is added to bacto-peptone. 13 Some of the other peptones from which 
smaller amounts of ammonia were produced reduced the figures to 
such small amounts as to make real differences in ammonia production 
by different streptococci a questionable matter. 

What has been said of ammonia production is true also of carbon- 
dioxide production. Table 4 shows that the amount of C0 2 produced 
by culture 16 H-l was extremely variable when different peptones 
were used. As with ammonia, the largest C0 2 production was observed 
when bacto-peptone was used. Here again NH 3 and C0 2 production 
seemed to be correlated for, as may be observed, the peptones may be 
listed in the same order either according to ammonia or carbon-dioxide 
formation. 





Carbon Dioxi 


TABLE 4 
oe Production from Different Peptones 






Infusion Broth with 4% Peptone 


Culture 


Bacto- 
peptone, 
Cc 


Parke- 
Davis, 
Cc 


Fairchild, 
Cc 


Witte, 
Cc 


Merck, from 

Albumin, 

Cc 


16 H-l 
F2-7 


5.2 
0.7 


2.6 
0.3 


1.9 
0.4 


1.4 
0.3 


0.1 

0.6 



In the hope of being able to throw some light on the probable source 
of the ammonia, numerous other substances were tried to ascertain 
whether they contained the ammonia-yielding ingredient. Among these 
were aminoids made from egg albumin, beef, casein, fibrin and gelatin. 
It was thought, since these aminoids were made from quite different 
materials,' that the difference in the kinds of amino acids likely to 
be present might give some clue as to the ammonia yielding fraction. 

Infusion broth was used as a basis for the mediums to which was 
added 0.5%, 1.0% and 2.0% of the various aminoids. The reaction 
in. all cases was adjusted to Ph 7.5. These mediums were inoculated 

ia w e w ; 5n to express our thanks to Dr. J. W. M. Bunker of the Digestive Ferments 
Company for his kindness in supplying samples of peptone containing increased amounts 
of a controllable ingredient. 
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with an ammonia-producing streptococcus 16 H-l and also with F 2-7, 
which produced no ammonia. The latter culture, as shown in table 5, 
produced practically no ammonia, while the results obtained with cul- 
ture 16 H-l in 2% aminoid need only be discussed. The 0.5 and 1.0% 
solutions of the aminoids did not in any case show a sufficient amount 
of ammonia for a satisfactory test. It will be observed that the largest 
amount of ammonia was produced in the medium containing 2% of 
aminoid from egg albumin and the next largest amount from beef 
aminoid. Even with these substances the amount produced was less 
than with 4% bacto-peptone. 

TABLE 5 
Ammonia Production from Aminoids 





Culture 16 H-l 


Culture F 2-7 


Source of Aminoid 


Percentage Aminoid 
Infusion Broth 


in 


Percentage Aminoid 
Infusion Broth 


in 




0.5 


1.0 


2.0 


0.5 


1.0 


2.0 




Mg. 

4.90* 

4.06 

2.94 

1.96 

2.66 


Mg. 

7.56 
6.02 
1.12 
2.10 
0.70 


Mg. 
16.25 
11.35 
0.56 
2.38 
2.10 


Mg. 

0.0 

0.28 

0.14 

0.28 

0.28 


Mg. 
0.84 
0.14 
0.0 
0.28 
0.14 




Mg. 

0.98 


Bee! 


0.56 




0.56 




0.14 




0.42 











* Milligrams per 100 cc of medium; excess over control. 

The aminoids represent materials so completely hydrolyzed that 
they do not give the Biuret reaction and contain amino acids which 
are probably in complex combinations. If it can be assumed that 
ammonia can be split off from amino acids which are in complex com- 
binations, then from a survey of the amino acids which have been 
isolated from the various substances from which aminoids have been 
made it might be possible to throw some light on the ammonia-yielding 
substance. Before discussing this possibility a word relative to the 
amino-nitrogen content of the aminoid and bacto-peptone mediums will 
not be out of place. 

Infusion broth was the basis of the mediums to which 4% bacto- 
peptone and various aminoids in different amounts were added. The 
reaction was adjusted to Ph 7.5. The amino-nitrogen content of the 
various mediums containing different percentages of aminoids is shown 
in table 6 in terms of milligrams per 100 c c of medium. 

It will be remembered that the ammonia-producing streptococcus 
culture, 16 H-l, formed about 20 mg. of ammonia-nitrogen in the 
infusion — 4% bacto-peptone medium — and that the largest amount 
found in any of the aminoid mediums was 16.25 mg. with 2% aminoid 
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made from egg albumin. Reference to the amino-nitrogen content as 
listed in the foregoing shows that it was much higher in the 2% 
aminoid mediums than in the peptone medium. Even in the mediums 
with 1% aminoid the amino-nitrogen content was nearly as high as the 
amount in the peptone medium, and yet the ammonia was decidedly 
lower. Attention is called to these facts before further discussion of 
ammonia production from aminoids, because they show that the amino- 
nitrogen content of the aminoid and peptone mediums compared 
favorably. 

TABLE 6 
Amino-Nitrogen Content of Various Mediums * 



Media 



Percentage Aminoid 



1.0 





Mg. per 100 C e 


Mg. per 100 C e 


Mg. per 100 C c 


Infusion broth, egg albumin, aminoid 


43.95 
44.51 


72.65 
71.39 
64.11 


119.69 
119.67 




42.55 
43.67 
47.17 


108.20 




70.83 


118.56 




75.59 126.83 













89.58 











* The amino-nitrogen content was determined by formol titration. 
t Infusion broth, 4% bacto-peptone, Ph 7.5. 



TABLE 7 
Approximate Amount of Amino-Acids Found in Various Materials 



Amino Acids 




Approximate Percentpge Isolated from 




Egg Albumin 


Beef 


Casein 


Fibrin 


Gelatin 




0.0 
2.2 
2.5 
10.7 
2.2 
9.1 
0.3 
5.2 
1.7 
3.5 

i'.i 

4.9 
3.7 


2.06 

3.7 

0.81 
11.6 

4.5 
15.5 

3J 
2.1 
5.8 
Present 
26 
7.4 
7.5 


0.0 
1.5 
7.2 
9.3 
1.3 
15.5 
0.1 
3.2 
4.5 
6.7 
1.5 
2.5 
3.8 
5.9 


3.0 
3.6 
1.0 

15.0 
2.0 

10.4 
1.1 
2.5 
3.5 
3.6 

3X> 
4.0 


16.5 




0.8 




1.0 




2.1 




0.5 




1.8 




0.0 




0.4 




0.0 




5.2 




0.0 




0.4 




7.6 




2.7 






Ammonia formed in cul- 
ture medium contain- 
ing 2% of aminoid 


Egg 
Aminoid 


Beef 
Aminoid 


Casein 
Aminoid 


Fibrin 
Aminoid 


Gelatin 
Aminoid 


Tes 


Yes 


Trace 


Very little 


Very little 



In table 7 is shown the approximate percentage of amino acids 
which have been isolated by various investigators from the material 
indicated, as is shown in the literature. In the lower part of the table 
is indicated the ammonia formation in aminoid mediums, based on our 
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results. A study of the table reveals the fact that ammonia formation 
in the different aminoid mediums considered in relation to the probable 
amino acids present gives no information as to the probable ammonia- 
yielding ingredients. 

Further experiments were made with pure amino acids and acid 
amids which were added in slightly varying amounts to a 1% bacto- 
peptone, infusion-broth medium and inoculated with culture 16 H-l. 
An examination of table 8 shows that the addition of these substances 
did not appreciably affect ammonia production. Other substances such 
as sodium nucleate and yeast extracts proved to be of no value as a 

source of ammonia. 

table 8 

Effect of Addition to the Medium of Amino Acids and Acid Amids on Ammonia 

Production 



Amino Acid or 
Acid Amid 


Amount Added, 
Percentage 


NHs-N 

Mg. per 100 C c: 

Excess over Control 

Mg. 




0.20 
0.20 
0.20 
0.20 
0.30 
0.25 
0.40 
0.40 
0.20 
5 drops to 100 c c 




4.76 




V.14 




fi.86 




5.32 


Histidine 


6.16 




5.88 




5.32 




5.60 




5.60 




5.18 







1% bacto-peptone beef infusion.. 



As has been stated before, there seemed to be a close correlation 
between the formation of ammonia and carbon dioxide from peptone. 
The amount of both increased with the increase in the peptone content 
of the medium, and different peptones which yield different amounts of 
ammonia gave correspondingly different amounts of carbon dioxide. 
If C0 2 results from a decarboxylation of an amino acid, we should 
expect to find amines present, but several analyses were made of dif- 
ferent cultures and the presence of such bodies could not be demon- 
strated. 

Our results seem to point to the probability that ammonia and 
carbon dioxide are derived in the degradation of some substance present 
in small amounts in some kinds of peptone. This is possibly accom- 
plished through a process of deamidization, resulting in ammonia 
formation and a simultaneous or secondary oxidation resulting in 
carbon dioxide formation. 

The possibility of the formation of C0 2 from the carbohydrate 
fraction of the protein molecule cannot be overlooked. This fraction, 
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although denied by some, is indicated by the Molisch reaction. How- 
ever, the fact that the production of NH 3 and C0 2 are so closely cor- 
related leads to the belief that the previous explanation is more probable. 
Although it is to be regretted that ammonia and carbon dioxide 
production cannot, at present, be linked up with some definite and 
controllable ingredient of peptone, we believe that the formation of 
these substances, even though small in amount, represent fundamental 
differences in the physiology of the streptococci. 

THE PRODUCTION OF CARBON DIOXIDE FROM DEXTROSE 

Carbon dioxide produced by streptococci from peptone must not be 
confused with carbon dioxide from sugar. The gas-forming strepto- 
coccus isolated by Freudenreich 10 and named Streptococcus kefir by 
Migula, 14 has been shown by Evans 8 to be common in cheese. She 
did not, however, determine the source of the carbon dioxide. It has 
been shown by Sherman 15 that Streptococcus kefir produces carbon 
dioxide from lactose. He also showed that it was necessary to buffer 
the medium quite heavily to obtain the maximum carbon-dioxide pro- 
duction. 

TABLE 9 
Carbon Dioxide Production from Dextrose 



Culture 


No 

Dextrose 

Added 


Percentage of Dextrose 


O.S 


1.0 


1.5 


2.0 


X-4 


C c 

0.8* 
2.0 


C c 
9.5 
1.7 


Oc 

14.5 

1.0 


C c 

16.5 
1.0 


C c 

18.8 


J6H-1 


1.3 







* From 15 e c of medium. 

Preliminary experiments with various cultures of streptococci 
showed that we had, in our collection of cultures, numerous organisms 
isolated from sour milk, which produced carbon dioxide from sugar. 
Neither C0 2 nor NH 3 was produced by these cultures from 4% 
bacto-peptone. 

One culture known as X-4 was selected for a series of tests to 
show the difference in carbon-dioxide production from dextrose and 
from peptone. Eldredge fermentation tubes were filled with 15 cc of 
the following medium: infusion broth with 1% bacto-peptone, 1% 
K 2 HP0 4 and the reaction adjusted to Ph 7.5. This medium was used 
without sugar and also with various amounts of dextrose, as may be 
seen in table 9. 

>< System der Bakterien, Ed. 2. 

16 Jour. Bacterid., 1921, 6, p. 127. 
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One set of tubes containing the medium without sugar and also 
with 0.5, 1.0, 1.5 and 2% of dextrose was inoculated with culture 
X-4 and another set with culture 16 H-l. These were incubated for 
7 days at 30 C. For the sake of clearness we repeat that X-4 did 
not produce carbon dioxide or ammonia from 4% bacto-peptone 
infusion broth while 16 H-l did produce them. 

The results show clearly the difference between the two cultures. 
Culture X-4 showed only a trace of C0 2 in the medium without added 
dextrose, while the amount increased up to 18.8 c c with 2% dextrose. 
On the other hand, culture 16 H-l showed a little more carbon" dioxide 
in the medium without dextrose than in the medium with it. In this 
medium the amount of C0 2 formed from peptone was small because 
only 1% was used. Infusion broth with 4% bacto-peptone with 16 H-l 
usually showed about 5 cc of C0 2 from 15 cc of medium, which is 

TABLE 10 
Comparison of Gas Formation in Eldredge and Smith Fermentation Tubes 



Culture 


Days of Incubation at 30 C. 


1 


2 


3 


4 


6 


7 


CO2 Production in 
Eldredge Tubes 

B. coli 


C c 

10.5 
8.4 


c 

14.5 
16.9 


C c 

16.0 
16.8 


C c 

15.6 
18.8 


C C 

16.1 
19.4 


c 

16.1 
10.5 






Gas in Smith Fermen- 
tation Tubes 

B. coli 




+ 




+ 



+ 60% 
of arm 




+ 




+ 



+ 60% 




of arm 



the same amount as was used in this experiment. It is obvious from 
these results that it is a simple matter to determine whether a culture 
is a carbon-dioxide producer, and if so, to determine further whether 
it comes from peptone or dextrose. To do this it would only be 
necessary to determine C0 2 production in Eldredge tubes, one con- 
taining a medium consisting of infusion broth with 4% bacto-peptone 
and the other containing infusion broth with 1% bacto-peptone, 1% 
K 2 HP0 4 and 1% of dextrose, both mediums being adjusted to Ph 7.5. 
A streptococcus which does not produce C0 2 will, of course, show 
none from either medium. One able to form it from peptone should 
show from 4 to 6 c c in the 4% bacto-peptone medium and much less 
from the sugar medium on account of the decreased peptone content. 
A streptococcus which can produce gas from dextrose should show 
quite large amounts in the dextrose medium but none or only a small 
amount in the tube with the 4% bacto-peptone medium. 
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It is interesting to observe that the streptococci are described as 
causing fermentations in carbohydrates without gas production. It is 
not surprising that carbon-dioxide production from peptone has been 
overlooked because of the peculiar conditions under which small but 
quite constant amounts are formed. There must be, however, some 
definite reason why gas formation from carbohydrates has not been 
more frequently observed since streptococci are quite common in sour 
milk and cheese which, under suitable conditions, produce as much 
carbon dioxide as the colon bacillus. 

It is felt that the figures in table 10 give the reason for this over- 
sight. The medium used in these experiments consisted of infusion 
broth with 1% bacto-peptone, 1% dextrose, 1% potassium dibasic 
phosphate (K 2 HP0 4 ) with a reaction of Ph 7.5. Two sets of 6 
Eldredge fermentation tubes were prepared and one set inoculated 
with a gas- forming streptococcus culture X-4 and the other set of 
6 tubes with B. coli. At the same time two sets of Smith tubes con- 
taining the same medium were inoculated from the same two cultures. 
The carbon dioxide produced in the Eldredge tubes was determined 
by titration after 1, 2, 3, 4, 6 and 7 days' incubation at 30 C. As will 
be noted from table 10, the rate of carbon-dioxide production and the 
amount formed by the streptococcus and by B. coli were practically 
identical. In the lower part of the table is shown the gas production 
in the same medium and by the same cultures in Smith tubes. No gas 
was observed with the streptococcus, while the colon bacillus showed 
gas after 24 hours. When measured on the third and seventh day of 
incubation, the gas amounted to 60% of the closed arm. From these 
results it is evident that bacteria can produce as much C0 2 as the 
colon bacillus without showing any gas in Smith tubes. This evidently 
explains why gas production by the streptococci from carbohydrates has 
not been more commonly found. No gas was observed in Smith tubes 
with the same medium and 2% of dextrose but with 5% dextrose the 
streptococcus culture X-4 showed 18% of gas in a Smith tube in 72 
hours, and 25% after 7 days. On repeating this experiment no gas 
production was observed with X-4 in mediums containing 1, 2, 3, 4 
and 5% of dextrose. 

It is plain that there may be conditions under which gas production 
from carbohydrates by streptococci can be observed in Smith tubes. 
These conditions would, however, be unusual in that the medium would 
probably have to have a high sugar content and be heavily buffered. 
The defects of the Smith tube as a means of measuring C0 2 have 
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been pointed out by numerous investigators. The chief objections to 
the tube have been summarized by Rogers, Clark and Davis 16 who point 
out that it is the C0 2 which is measured with least accuracy by the 
Smith tube. It further appears that the tube is defective not only 
because of inaccuracies, but also because the production of large 
amounts of C0 2 may not be detected by its use. Our results with 
the fermentation tube is the same as that of Fred, Peterson and 
Davenport, 17 who, while working with pentose fermenters, found that 
the fermentation tube was of no value for detecting gas formation as 
no gas was noted in the tubes, while it was found by other methods that 
C0 2 was produced in large amounts. 

No careful analysis was made of the gas from the streptococcus 
X-4, but the culture resembles Streptococcus kefir which, as Evans 
found, produced C0 2 and no hydrogen. Since the colon bacillus pro- 
duces both carbon dioxide and hydrogen and both these gases are found 
in the closed arm of the Smith tube, it is particularly interesting that 
the streptococcus, which as far as we know produces only C0 2 , does 
not show evidence of this gas in the Smith tube, yet the same amount 
is formed by both this culture and B. coli. It is evident that the 
presence of hydrogen is an important factor in the appearance of C0 2 
in the closed arm of the Smith tube when both the gases are formed. 

CARBON DIOXIDE PRODUCTION WITHOUT AMMONIA FORMATION 

It has been shown that certain cultures of streptococci produce 
carbon dioxide and ammonia from peptone ; that others do not produce 
either of these, and that still other cultures form C0 2 from dextrose. 

We wish now to call attention to certain types of streptococci 
which form carbon dioxide without ammonia. These cultures should 
not be confused with those which form C0 2 from dextrose without 
NH 3 production, as previously described. 

The cultures listed in table 11, with the exception of the last two 
cultures (F 1-4 and F 1-6), were isolated from the udder of cows, 
but do not represent the typical udder streptococcus. The "F" cultures 
were isolated from cow feces and will be discussed later. Medium 
"A" consisted of infusion broth with 4% bacto-peptone, the reaction 
adjusted to P H 7.5. Medium "B" consisted of 4% bacto-peptone in 
distilled water with 0.5% K 2 HP0 4 and 0.2% dextrose. The initial 
reaction was P H 7.5. 

» Jour. Infect. Dis., 1914, 14, p. 411. 
" Jour. Biol. Chem., 1920, 42, p. 175. 
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It will be seen from the table that the udder cultures produced 
C0 2 mostly in small amounts but no NH 3 in either medium. We say 
"no ammonia" because the amounts found in excess of the control 
were so small as to be negligible. While the amount of C0 2 formed 
by these cultures agreed in most cases with the amount formed 'by 
the type first described in this paper, it seems apparent that the source 
was not the same. It will be remembered that culture 16 H-l pro- 
duced C0 2 and NH 3 , both of which increased in amount with an 
increase in the content of bacto-peptone. In that case the C0 2 and 
NH 3 were evidently derived from some small fraction of the peptone. 

table 11 

Carbon-Dioxide and Ammonia Production by Cultures Which Apparently Liberate 
Carbon Dioxide from Peptone or Dextrose 







COs: 








C c from 15 C c 


NHa-N; 






of Medium; 


Mg. per 100 C c; 


Source 


Culture Number 


Excess over 
Control 


Excess over Control 




Medium A 


Medium A Medium B 






Cc 


Mg. 


Mg. 




95 G 


5.8 


0.42 


0.56 




101 G-2 


2.6 


0.28 


0.28 




121 G-l 


9.9 


0.00 


0.42 




121 G-2 


3.9 


0.14 


1.69 




122 G-3 


2.5 


0.70 


0.00 




132 G-l 


3.1 


0.00 


1.40 




132 G-2 


3.0 


0.14 


0.42 


Udder 01 


134 G-l 


3.1 


0.42 


000 


cow 


134 G-2 


3.0 


0.00 


0.00 




135 G-l 


2.7 


0.00 


1.27 




142 G-l 


3.1 


0.00 


0.14 




144 G-l 


4.5 


0.28 


0.28 




146 G-l 


3.1 


0.42 


O.OO 




14* G-l 


2.7 


0.28 


0.42 




150 G-l 


3.8 


0.14 


O.OO 




68-2 


4.0 


0.42 


0.00 


Cow 


Pl-4 


3.0 


24.66 


0.00 


ieces 


Fl-6 


9.4 


24.94 


0.14 



The source of C0 2 produced by the streptococci now under dis- 
cussion could not be definitely traced to peptone as the amount of C0 2 
was not correlated with the amount or make of peptone used in 
the medium, as was the case with culture 16 H-l. No evidence has 
been obtained to show that the C0 2 was derived from dextrose, as 
was the case with many streptococci of which X-4 was a representative. 

It must be admitted that no definite source of the C0 2 produced 
by the cultures listed in table 2 has been found. The organisms were 
peculiar in many respects and grew with considerable difficulty in all 
mediums. We can only say, after an extensive study of this particular 
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problem which involved the use of many special mediums, that the 
results point to the salts of the organic acids as the possible source 
of the carbon dioxide. 

Before closing this discussion attention must be called to two 
cultures of streptococci isolated from cow feces. These cultures F 1-4 
and F 1-6 produced C0 2 and NH 3 in medium "A" but did not form 
ammonia in medium B. In medium A, however, F 1-4 and F 1-6 
produced 3.0 and 9.4 c c of CO,, respectively, from 15 c c of medium. 

We feel that the difference in ammonia formation is important 
because, as will be shown later, these were the only two cultures of a 
collection of 485 streptococci which showed any distinct difference in 
ammonia formation in the two mediums. This difference in ammonia 
production is of further interest because the fecal cultures F 1-4 and 
F 1-6 were identical in most all other respects with the udder cul- 
tures 121 G-l, 132 G-l, 142 G-l, 144 G-l and 146 G-l. These fecal 
cultures were slightly different in their C0 2 producing ability from 
the udder cultures, but these differences were not sufficiently marked 
for discussion at this time. 

DIVISION OF THE STREPTOCOCCI BY MEANS OF THE CARBON 
DIOXIDE AND AMMONIA TESTS 

Before showing how various cultures of streptococci may be 
divided it may be well to briefly outline the various combinations of 
positive and negative carbon dioxide and ammonia tests as they have 
been found in our studies. 

They may be listed in these combinations : A — Carbon dioxide and 
ammonia formation from bacto-peptone. B — No carbon dioxide and 
ammonia formation from bacto-peptone. C — Carbon-dioxide produc- 
tion from dextrose, no ammonia. D — Carbon-dioxide production not 
directly from dextrose, no ammonia. (In this case our results indicate 
that the C0 2 was produced from the salts of organic acids; it may 
therefore come indirectly from sugar.) E — Carbon-dioxide produc- 
tion, ammonia formed in one medium but not in another. 

Ammonia and carbon-dioxide formation by 485 cultures of strep- 
tococci were determined, but before taking up the results of this work 
the mediums and methods used should be mentioned. For the ammonia 
tests these two mediums were used : 

Medium A Medium B 

Infusion broth 4.0% bacto-peptone in distilled water 

4% bacto-peptone 0.2% dextrose 

Reaction P H 7.5 0.5% K.HPO* 



Production of Ammonia and Carbon Dioxide 



251 



Medium B was first used in our work, and the cultures incubated 
for 7 days at 37 C. Ammonia was determined by Folin's method, 
and the entire set of cultures was tested for ammonia production in 
this way. All of the cultures were also tested in medium A, and the 
ammonia in about 30 cultures was determined by Folin's method. With 
the remaining cultures ammonia was determined colorimetrically. 

The ammonia was determined by the colorimetric method proposed 
by Thomas 18 as follows : 

Reagents : A 4% solution of phenol in water. 

A solution of sodium hypochlorite containing about 1% of avail- 
able chlorine. 

On mixing a dilute watery solution of an ammonia compound with 
the phenol and hypochlorite reagents, a blue color is gradually developed 
and reaches its maximum in about half an hour. The depth of color 
now remains almost constant for a long time and deepens slowly. 
Amino acids also give color reactions with these reagents, but only 

TABLE 12 
Comparison of Ammonia Determinations by Folin's and Colorimetric Method 





Folin's Method 


Colorimetric Method 


Culture 


NHs-N per 

100 C c; Excess 

over Control, 

Mg. 


Color alter % Hour * 




Eye, 
Mg. 


Comparator 
Block, Mg. 


F 1-4 . 


6.86 
6.86 
23.82 
24.24 
23.68 
7.84 
8.27 
23.68 
26.06 
25.64 
21.58 


3.0 
3.0 
21.0 
20.0 
20.0 
5.0 
5.0 
20.0 
21.0 
21.0 
18.0 


5.0 


F 1-4 


5.0 


F 9-1 


22.5 


16 H-l 


25.0 


9SQ-1 


22.5 


95 G 


7.6 


95 G 


7.6 


8-5 


22.5 


X-2 


26.0 


X-2 


26.0 


X 52-2 


22.5 







* All solutions were turbid. 

in rather concentrated solutions. Glycocoll in a 1 : 10,000 solution 
gives only pale green, whereas ammonia salts react in a dilution of 
1 : 500,000. The peptone medium used in our experiments does not 
contain sufficient free amino acids to interfere with the ammonia 
reaction in the dilution used for making the test. 

Test : Two-tenths c c of the medium are diluted to 8 c c with water to 
which are added 1 c c of phenol reagent and 1 c c of hypochlorite reagent ; 
these are mixed well and allowed to stand for 30 minutes. The resulting 
coloration is green instead of blue, owing to the yellow color of the medium. 

18 Bull. Soc. Chim., Series 4, 1912. 11, p. 726. 
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Table 12 shows the results obtained by Folin's method and the 
phenol-hypochlorite reagent. A solution of ammonium sulphate was 
prepared by dissolving 0.9433 gm. of pure salt in 1 liter of ammonia- 
free water and diluting 100 c c of this to 1 liter. One c c of the latter 
solution contains 0.02 mg. of nitrogen. Various amounts of this solu- 
tion were added to 0.2 c c of the control medium in preparing the 
standard solutions, the volume in each tube being brought up to 8 c c 
for comparison by the eye. With the comparator block no control 
medium was added to the standard. Column 1 gives the milligrams 
of ammonia nitrogen in excess over the control found by Folin's 
method; column 2 shows the results obtained by looking through the 
column of liquid in the tube ; while column 3 gives the results found 
in using the comparator block. It will be seen that the results obtained 
by looking through the liquid are low owing to the turbidity of the 
solution, while the controls of course are clear. With the comparator 
block, results are fairly accurate because a turbid solution of the 
medium is placed in the block. The advantage of the method lies in 
its rapidity when a large number of cultures are to be examined for the 
excess of ammonia nitrogen produced by the bacteria. Furthermore, 
the test can be used in the presence of proteins which interfere with 
Nessler's reagent. 

Carbon-dioxide production by all the cultures was determined in 
medium A described previously, but the cultures which showed no 
ammonia were tested for C0 2 formation in the following medium. 

Medium C 
4.0% bacto-peptone in distilled water 
0.5% dextrose 
0.5% K= HPO* 
Reaction P H 7.5 

Many cultures which did not form C0 2 in medium A produced it 
from the dextrose in this medium. The cultures which produced C0 2 
from 4.0 bacto-peptone of course formed it in the medium C with 
dextrose, but the amount was less. 

When ammonia determinations were made by Folin's method, 
amino-nitrogen determinations were also made by means of formol 
titration, which showed some interesting facts. 

Hydrogen-ion determinations, by colorimetric means, were made of 
each culture, but the results are not included in this paper since they 
proved to be of no particular significance. 
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The results of the application of the C0 2 and NH 3 tests to a large 
number of cultures of streptococci are shown in table 13. It will be 
observed that 3 different combinations of the tests were found in a 
study of 124 cultures isolated from sour milk from individual farms. 
The samples of milk from which the cultures were obtained were mixed 
samples from the milk from one farm. Each sample was allowed to 
stand at room temperature until it had developed an acidity of from 
0.3 to 0.5%. The sample was then plated on dextrose-extract peptone 
agar and cultures of streptococci isolated. The cultures were isolated 
from samples of milk from 50 different farms. Seventy-seven of the 
total 124 cultures produced C0 2 from dextrose and formed no NH 3 . 
Thirty-four cultures formed C0 2 from peptone, none from dextrose 
and also formed NH 3 . Thirteen cultures produced neither C0 2 
nor NH 3 . 

It is interesting to note how the results changed when streptococci 
isolated from mixed samples of sour milk from many farms were 
examined. These cultures came from about 25 mixed samples of 
milk, each sample representing a mixture from many farms. These 
samples were allowed to stand at room temperature until the acidity had 
increased to about 0.6%. These mixed samples were from the same 
farms from which the previous set of cultures were isolated. Of the 
96 cultures isolated only 6 formed C0 2 from dextrose with no NH 3 , 
while 90 produced C0 2 from peptone and formed NH 3 . From this it 
seems evident that the proportion of the types of streptococci found 
in sour milk from individual farms varies from that of mixed samples 
from many farms. It is possible, however, that the difference was 
due to the fact that in the latter case, the milk was allowed to reach 
a slightly higher acidity. Three combinations of the carbon dioxide 
and ammonia tests A, B and C, were observed among the cultures 
isolated from sour milk. 

The 78 cultures of streptococci from cow feces showed 3 combi- 
nations, A, B, and E. No cultures were found which gave the C 
combination, while 75 of the 78 gave the B type, that is, no C0 2 and 
no NH 3 . Two cultures were found which varied from any others 
in our collection in that they produced C0 2 and NH 3 in one medium 
but not in another. 

The majority of the streptococci from the udder of cows showed 
the A combination, but 20 gave the D type. It will be remembered that 
these cultures produced CO, from the peptone medium A but formed 
no NH. in either medium A or B. The CO, apparently did not come 
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from the peptone or dextrose, but may have come from the salts of 
organic acids. These streptococci were found only in the udder. 

The hemolytic streptococci from pathologic sources and normal 
human throats gave the same combination as the majority of those from 
the udder but were different in other reactions. Among the cultures 
isolated from commercial starters it was found that 4 produced CO, 
and NH 3 from the peptone, while the other 4 showed neither. 

Throughout our work the excess of amino nitrogen over the control 
medium was determined with all cultures, and the uniformity of the 
difference between different collections of the same type of organism 
was striking. Medium B was used because it showed the greatest 
difference between cultures. The excess of amino nitrogen over the 
control was averaged and is shown in table 13. 



TABLE 13 

Streptococci from Various Sources Grouped by the Carbon-Dioxide and 

Ammonia Tests 





Number 
of Cul- 
tures 


COs Production 


XH3 Production 


Average 
Amino-N 
Mg. per 
100 Cc; 

Excess over 
Control; 

Medium B 
Mg. 




Source of Cultures 


Pep- 
tone 

Medium 
A 


Dex- 
trose 
Medium 
C 


Pep- 
tone 
Dex- 
trose 
Medium 
B 


Infu- 
sion 
Pep- 
tone 
Medium 
A 


Com- 
bina- 
tion 

Letter 


Sour milk. 

individual 

farms 


77 
34 
13 


4- 


+ 


7 


T 


1.56 
12.81 
11.50 


C 
A 
B 


Sour milk, mixed sam- 
ples from many farms 


6 

90 


+ 


+ 


+ 


+ 


2.15 
13.02 


C 

A 


Cow feces 


75 
1 
2 


+ 
+ 


E 


+ 


+ 
+ 


14.20 
19.20 
3.01 


B 

A 

E 


Odder of 
cow 


95 
20 


+ 

+ 


— 


+ 


+ 


14.51 
2.97 


A 
D 


Hemolytic, from patho- 
logic sources 


46 


+ 


— 


+ 


+ 


— 


A 


Hemolytic, from normal 
human throats 


18 


+ 


— 


+ 


+ 


— 


A 


Active lactic streptococci 
from commercial starters 


4 
4 


+ 


— 


+ 


+ 


14.09 
4.99 


A 
B 


Total 


485 















Cultures which gave the C combination showed little amino nitrogen 
regardless of source. Those which gave the A combination showed a 
greater excess of amino nitrogen, which in most cases was similar to 
the amount formed with cultures giving the B combination. 
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It is felt that these differences in amino-nitrogen content of culture 
medium caused by the growth of streptococci is significant particularly 
since cultures, some of which produce ammonia and some of which do 
not, show about the same amino-nitrogen figures. 

For those who wish to follow the results of the carbon dioxide and 
ammonia test and amino-nitrogen figures more carefully, we have 
condensed our results as shown in table 14. The average figure and 
range in results is given for carbon dioxide, ammonia and amino 

TABLE 15 

The Separation by Means of Ammonia and Carbon-Dioxide Tests of Cultures Giving 

Similar Reactions According to the Methods Commonly Used for Classification 





Source of 
Culture 


Litmus 
Milk 


Dex- 
trose 


Lac- 
tose 


Saccha- 
rose 


Sali- 
cin 


Man- 
nit e 


Raffl- 
nose 


Inu- 

lin 


COa 


NHs 
Me- 
dium 
A 


Cul- 
ture 
Xo. 


Dex- 
trose, 
Me- 
dium 
C 


Pep- 
tone, 
Me- 
dium 
A 


1 

2 
3 
4 

5 


Sour milk 
Sour milk 
Cow feces 
Cow feces 

Udder of 
cow 


Slight acid 
Slight acid 
Slight acid 
Notcoagulated 
but decolorized 
Acid coagu- 
lated 


+ 

+ 
+ 
+ 

+ 


+ 
+ 
+ 
+ 


+ 
+ 
+ 
+ 

+ 


+ 

+ 


- 


+ 
+ 
+ 
+ 

+ 


= 


+ 
+ 


+ 
+ 


+ 


8 

7 


Sour milk 
Sour milk 


Acid coagu- 
lated M de- 
colorized * 
Acid coagu- 
lated decol- 
orized * 


+ 
+ 


+ 
+ 


+ 

+ 


+ 

+ 


+ 
+ 








+ 


+ 


8 
9 


Sour milk 
Sour milk 


Acid coagu- 
lated decol- 
orized * 
Acid coagu- 
lated decol- 
orized * 


+ 
+ 


+ 
+ 














+ 


+ 


10 
11 


Sour milk 

Udder of 
cow 


Add coagu- 
lated decol- 
orized * 
Acid coagu- 
lated decol- 
orized * 


+ 
+ 


+ 
+ 


+ 
+ 


+ 
+ 


+ 
+ 


+ 
+ 


- 


- 


+ 


- 



* Litmus decolorized, milk reaction after 7 days. 

nitrogen. No discussion of the results is necessary further than to 
say that the averages and ranges show the uniformity in results 
obtained by cultures giving the different tests. 

APPLICATION OF THE CARBON-DIOXIDE AND AMMONIA TESTS 
TO THE STREPTOCOCCI 

The manner in which cultures from various sources were divided 
by these tests has been shown, and there now remains for discussion 
some more specific applications. 
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Attention is called to table 15 which contains a list of cultures with 
their litmus milk reactions and their fermentation, carbon dioxide 
and ammonia tests. Cultures 1 and 2 from sour milk showed the same 
reactions in litmus milk as culture 3 from cow feces. In fermentation 
tests, culture 1 varied from culture 3 only in the fermentation of 
salicin. From these physiologic tests, which are most commonly 
employed for differentiating streptococci, it would probably be con- 
sidered that these cultures were identical. The tests at the right of 
table 15, however, tell another story. 

The streptococci from sour milk, cultures 1 and 2, produced C0 2 
from dextrose and formed no NH 3 , while culture 3, from cow feces, 
did not form either carbon dioxide or ammonia. Culture 1 was 
representative of a majority group isolated from sour milk from indi- 
vidual farms while the fecal streptococcus, culture 3, represented the 
typical streptococcus of cow feces. From the results of ordinary 
tests these organisms of the culture 1 type found in sour milk would 
probably be considered fecal streptococci but as the carbon dioxide 
and ammonia tests show, they were entirely different. 

Cultures 4 and 5 from cow feces and the udder of the cow differed 
somewhat in their litmus-milk reactions, and agreed in fermentation 
tests, yet were quite different from the first three cultures in their 
C0 2 and NH 3 test. 

Of the other streptococci isolated from sour milk, cultures 6 and 
7 were identical by the ordinary tests but quite different in their C0 3 
and NH 3 formation. The same may be said of cultures 8 and 9. 

By the ordinary tests, culture 10, from sour milk, would be con- 
sidered the same as culture 11 isolated from the udder of a cow, but 
the C0 2 test shows they were quite different. 

It is our opinion that the carbon-dioxide and ammonia tests will 
be extremely valuable in any study which involves the physiologic 
characteristics of the streptococci. Undoubtedly they will provide a 
means for separating cultures which are grouped together by the 
ordinary tests. 

MEDIUMS AND METHODS FOR THE TESTS 

So many mediums have been mentioned in this paper that it is 
believed it will be of advantage to the reader to suggest at this point 
the best means for making the tests. 
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For the ammonia test the following mediums are used: 

Medium A Medium B 

Infusion broth 4.0% bacto-peptone in distilled water 

4.0% bacto-peptone 0.2% dextrose 

Reaction P„ 7.5 0.5% K-HPO., 

Reaction P H 7.5 

In our work the cultures have been incubated 7 days, but ammonia 
formation apparently reaches its maximum in 24 hours. The amount 
can be determined by Folin's method, but for routine work the color- 
imetric method previously described is suggested. 

Usually when ammonia is formed in medium A it is also found 
present in medium B, but two cultures were found which did not 
produce ammonia in the latter medium. It would be desirable, there- 
fore, to use both mediums. The incubation temperature can be either 
30 C. or 37 C. 

Carbon dioxide may be produced from dextrose or from peptone 
or possibly from organic acid salts, and for this reason the use of two 
different mediums is necessary. 

CO; from peptone or organic acid salts CO= from dextrose 

Medium A Medium S 

Infusion broth Infusion broth 

4.0% bacto-peptone 1.0% bacto-peptone 

Adjust reaction to P fI 7.5 1.0% K,HPO* 

1.0% dextrose 
Adjust reaction to P H 7.5 

It is suggested that 15 cc of these mediums be placed in Eldredge 
tubes ; of course larger amounts can be used up to the capacity of the 
tubes. When using medium A, 10 cc of N/10 Ba(OH) 2 is sufficient 
to neutralize the C0 2 produced. With medium S at least 15 c c of N/10 
Ba(OH) 2 should be used if the amount of medium is 15 c c. 

A streptococcus which forms C0 2 from peptone in medium A 
should show from about 4 to 6 c c of C0 2 and with medium S not 
much more than lcc. This is due to the decreased content of peptone 
when bacto-peptone is used. As has been shown previously, bacto- 
peptone should be used when ammonia production or carbon dioxide 
formation from peptone is being determined. 

A streptococcus which forms CO, in medium A but shows no NH., 
formation is distinctly different from one which shows C0 2 and NH 3 . 
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In this case, as mentioned, our results indicate that the organic acid 
salts may be the source of the carbon dioxide, but this has not been 
definitely proved. 

A streptococcus which forms C0 2 from dextrose will show about 
10 c c of C0 2 from 15 c c of medium S, but not more than lcc from 
medium A. The Eldredge tubes should be incubated for at least 3 
days either at 30 C. or 37 C. 

SUMMARY AND CONCLUSIONS 

The determination of ammonia can easily be made a routine pro- 
cedure by means of a colorimetric method. 

Carbon-dioxide production by the streptococci seems to have been 
largely overlooked because of the use of the fermentation tubes com- 
monly used. The Eldredge fermentation tubes measure quite accurately 
small amounts of carbon dioxide which may be given off from cultures 
in liquid mediums. Their use is highly recommended. 

In suitable mediums streptococci produced ammonia and carbon 
dioxide. 

It has been shown that with many streptococci the production of 
ammonia and carbon dioxide is correlated. In such cases both are 
formed apparently from some ingredient of peptone present in small 
amounts. Not all makes of peptone can be used. 

Certain streptococci formed carbon dioxide but no ammonia. Some 
experiments indicated that the source of this carbon dioxide may have 
been the organic acid salts. 

Streptococci also formed carbon dioxide from dextrose. These did 
not form ammonia in the mediums used in this work. 

The ammonia and carbon-dioxide tests divided the streptococci 
studied as follows: 

Some produced neither ammonia nor carbon dioxide from peptone. 
Some produced both ammonia and carbon dioxide from peptone. 
Some produced no ammonia but formed carbon dioxide, which did not con- 
from peptone or dextrose. 

Some produced no ammonia but formed carbon dioxide from dextrose. 

The amount of ammonia formed was small and the same may 
said of the carbon dioxide formed from peptone. However, 
amounts were quite uniform under definite conditions. It is believed 
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that the formation of these substances represents fundamental dif- 
ferences in the physiology of the streptococci, and that they are highly 
significant. 

By the use of the ammonia and carbon-dioxide tests, it has been 
found to be possible to separate groups of streptococci which, on the 
basis of the ordinary physiologic tests, were considered identical. 



